Backgrund. Significant regression of coronary and femoral atherosclerotic lesions has been documented by angiographic studies using aggressive lipid-lowering treatment. This study tested the applicability and effects of intensive physical exercise and low-fat diet on coronary morphology and myocardial perfusion in nonselected patients with stable angina pectoris.
P reviously published studies have shown that normalization of elevated abnormal lipoprotein levels retards progression of coronary or femoral atherosclerotic lesions; even regression of plaques may be induced in some patients.1-6 These beneficial effects of lipid modification are associated with fewer clinical events and decreased mortality from coronary artery disease.6 By eliminating foods rich in saturated fats and cholesterol, correcting overweight, and exercising on a regular basis, satisfactory results can be achieved with respect to serum lipoprotein levels, provided patients can be motivated to dedicate their time and effort toward this goal.8'9 Therefore, the success of this form of therapy depends largely on the patient's determination and self-discipline to achieve certain goals with respect depressed left ventricular function (ejection fraction <35%), significant valvular heart disease, insulin-dependent diabetes mellitus, primary hypercholesterolemia (type II hyperlipoproteinemia, low density lipoprotein [LDL] >210 mg/dl), and occupational, orthopedic, and other conditions precluding regular participation in exercise sessions. All patients satisfying these conditions were offered the opportunity to participate; no one was rejected on the basis of "probable noncompliance."
After an introductory session during which patients were familiarized with the aims of the study, randomization process, and alternative therapeutic approaches, their written consent was obtained. Sealed envelopes were used to randomize patients between intervention and control groups.
The investigational protocol was approved by the ethical committee for human studies at the University of Heidelberg.
Cardiac Catheterization
Cardiac catheterization was performed by the femoral approach; left ventriculography in two orthogonal projections was followed by coronary angiography according to the Judkins technique. A minimum of six standard projections was obtained and supplemented by additional angulations to accomplish optimal visualization of all stenotic segments in several projections. During follow-up angiography at 12 months, identical projections were reproduced according to the protocol followed initially. Vasoactive drugs (nitroglycerin, calcium channel blockers) were stopped 24 hours before catheterization, and none were used during the procedure.
Digital Image Processing
Evaluation of coronary angiograms was performed by two technicians blinded to the sequence of films and the patient's identity or group assignment. Films were viewed in pairs using two 35-mm cineangiographic projectors (Vanguard Instruments Inc., Melville, N.Y.).
Each segment of the coronary tree was examined carefully for changes in luminal diameter. After identification of stenoses, corresponding projections were lined up near end diastole; both regions of interest containing the stenotic segment were magnified x 2.5 by optical zoom. Images were read by a television camera, and, after digitization, transferred to the image-processing system (KONTRON MIPRON), where they were stored in a 512x512 matrix. As all images were obtained in the 6-in. angiographic mode, pincushion distortion was minimal1' and correction was not essential. Coronary vessel boundaries were identified by an automated edge-detection algorithm. The procedure for contour detection requires the operator to indicate several points located in the center of the magnified arterial segment. A definite centerline is calculated automatically, and digital data are sampled along straight lines perpendicular to the centerline. The vessel boundary is determined on the basis of the weighted sums of first and second derivative functions.'2 Minimal stenosis diameter (Dmjn) is measured and compared with the adjacent normal reference diameter (Dr). Percentage (Table 8) .
Progression from subtotal occlusion to total occlusion (99% to >100%) and recanalization of previously occluded coronary arteries were not classified as progression or regression, respectively, as mechanisms not related to the atherosclerotic process may be operative in these cases.14 Differences between both groups were evaluated on a per-patient basis (Table 8 ) and on a per-lesion basis (Table 9 ). In patients with multiple stenoses, the fate of each individual lesion probably cannot be considered statistically independent; therefore, each patient must be treated as a statistical unit. Moreover, in rare instances, progression and regression may occur side-byside in one 
Intervention Program
Patients assigned to the intervention group stayed on a metabolic ward during the initial 3 weeks of the program, during which they were instructed how to lower the fat content of their regular diet.7 The guidelines they received were based on the American Heart Association recommendation, phase 330; it called for a low-fat, lowcholesterol diet (protein, 15%; carbohydrates, 65%; fat, <20% of energy; cholesterol, <200 mg; polyunsaturated-to-saturated fatty acids ratio, >1).
Patients were asked to exercise daily at home on a cycle ergometer for a minimum of 30 minutes close to their target heart rates, which were determined as 75% of the maximal heart rate during symptom-limited exercise. During this time, patients were on their regular antianginal medication, including ,-blocking agents. In addition, they were expected to participate in at least two group training sessions of 60 minutes each week. Compliance for attending group exercise sessions was 68% (range, 39-92%). Assessment of compliance rates during home exercise was based on a log book kept by the patients; although evaluation of these log books yielded comparable results, it was less reliable for obvious reasons. Aspirin and antianginal medications, including nitrates, ,B-blockers, and calcium channel blockers were prescribed as indicated; lipid-lowering drugs were not part of the regimen.
Informative sessions were conducted at regular intervals five times a year for patients and their spouses to discuss dietary, psychosocial, and exercise-related problems. In addition, patients were offered opportunities to discuss personal questions and problems after each training session.
Control Group
Patients assigned to the control group spent 1 week on the metabolic ward, where they received identical instructions about the necessity of regular physical exercise and how to lower fat consumption. They were served a low-fat diet corresponding to the American Heart Association recommendations, phase 1,30 and they were encouraged to participate in local coronary exercise groups. Adherence to these guidelines, however, was left to their own initiative, and "usual care" was rendered by their private physicians. Table 2) . During the study period, there were four dropouts, and three patients were excluded from further participation because life-threatening arrhythmias (nonsustained ventricular tachycardia) were detected by Holter monitoring during the first training session. These patients underwent electrophysiological testing and were started on appropriate antiarrhythmic treatment; they have remained free of symptoms since then. There were three cardiac arrests: One patient greatly exceeded his training heart rate during group exercise by more than 30%, as documented by Holter monitoring, and experienced ventricular tachycardia; he was resuscitated by direct current countershock. The second patient died at home shortly after completing his daily cycle exercise. The third patient was found in the street with no vital signs; he was resuscitated but died later because of extensive brain damage. Balloon angioplasty was performed in two patients for unstable angina pectoris. Therefore, at 12 months, complete angiographic data were available in 40 patients.
Control group. One patient withdrew his consent before initiation of therapy. There were three dropouts, and one patient died of cancer. One patient experienced cardiac arrest in the course of an acute myocardial infarction but was successfully resuscitated; he later Figure 1 ). In the intervention group, body weight decreased by 5% (p<O.OO1), total cholesterol by 10% (p<O.OO1), LDL by 8% (p<0.002), and triglycerides by 24% (p<O.OO1); HDL increased by 3% (p=NS). In the control group, body weight and lipoprotein levels remained unchanged with the exception of triglycerides, which decreased by 17% (p<0.02). Change in body weight was significantly correlated to change in cholesterol level (r=0.38, p<O.OO1), as previously described. 32 Compliance for attending group exercise sessions was significantly correlated with average total cholesterol levels during therapy (r= -0.5l,p<0.001), average LDL levels (r=0.49, p<O.05), and average triglyceride levels (r=-0.51,p<O.OO1). No significant correlation was detected between physical fitness variables and lipoprotein levels.
When results obtained from the 24-hour dietary protocols were related to body weight and lipoprotein levels, no significant correlation was detected for any variable: A total energy uptake/Abody weight (r= -0.02), Acholesterol consumption/Aserum cholesterol (r=O.11), Afat consumption/Aserum triglycerides (r=0.06)(/A=difference baseline versus 12 months).
Hemodynamic Variables
In the intervention group, resting heart rate decreased from 74±11 to 68±10 beats per minute (p<0.05), whereas systolic resting blood pressure remained unchanged (128±19 versus 129±18 mm Hg) ( To assess the effect that progression or regression of coronary lesions had on myocardial hemodynamics, both groups were combined. In patients with progression, maximal rate-pressure product decreased significantly (-1.96 ±6.6x 103) compared with patients with no change (+ 1.71±4.85x 103) or regression (+ 1.74±7.56x 103, p<0.05) in whom an increase was noted. Similarly, the extent of stress-induced myocardial ischemia tended to decrease in patients with regression (-9±35°) or no change (-8±24°), whereas an increase was noted in patients with progression (+7±410); these differences, however, did not reach statistical significance (p<0.2).
The end points for terminating the stress test are listed in Table 5 . At 12 months, the number of positive ECGs in the intervention group had decreased significantly compared with the control group (p<0.05), and fewer patients stopped as a result of progressive angina pectoris (p=0.06).
Blood Rheology
In the intervention group, erythrocyte aggregation rate decreased by 18%, from 0.34±0.11 Pa to 0.28±0.07 Pa (p<0.002) and in the control group from 0.35± 10 Pa to 0.31±0.07 Pa (p<0.05); at 12 months, both groups were significantly different from each other (p<0.05).
Coronary Morphology
In 92 patients, follow-up angiograms were available at 12 months (intervention, n=40; control, n=52). An average of 3.05 (range, 1-7) stenoses were evaluated in each patient.
Intervention group: Evaluation on per-patient basis. According to minimal diameter reduction, the incidence of progression noted in 23% of patients, no change in Figure 4 ).
Control group: Evaluation on per-patient basis. According to minimal diameter reduction, the incidence of progression was noted in 48% of patients, no change in 35%, and regression in 17% (Table 8, Figure 3 ). There were seven new lesions, seven previously open vessels occluded, and five totally occluded vessels were recanalized. With respect to relative diameter reduction, Improvement of maximal rate-pressure product and stress-induced myocardial ischemia in patients with regression of coronary lesions emphasizes the importance of this mechanism ( Figure 2) ; however, no net regression of coronary lesions was observed in the intervention group; moreover, a decrease in myocardial ischemia was not limited to patients with regression but also occurred in individual patients with no change or significant progression. Therefore, alternative mechanisms will probably contribute to the improvement of myocardial perfusion. Recruitment of preformed collateral channels during maximal exercise may represent a second mechanism; angiographic studies performed in humans at rest, Possibly, these channels are utilized only during physical stress; therefore, angiographic images obtained during exercise might yield different results. Normalization of blood rheology in patients with occlusive peripheral artery disease has been shown to increase calf blood flow consistently.48 In this study, erythrocyte aggregation rate decreased by 18% (p<0.002), resulting in improved blood fluidity; the contribution of this mechanism to the reduction of stress-induced myocardial ischemia, however, remains to be determined.
Change in Coronary Morphology
Angiograms obtained after 12 months of intensive exercise and low-fat diet did not show predominant regression of coronary lesions. If statistical evaluation was based on individual lesions, no change was noted with respect to relative diameter reduction or minimal diameter (Tables 8 and 9 , Figures 3 and 4) . Therefore, this form of treatment resulted in no detectable progression of disease on the average within the observation period. In patients on usual care, however, there was considerable progression of disease; significant minimal diameter reduction was observed in 48% of patients, whereas an increase in luminal width was noted in only 17%. Nearly identical rates of progression were observed by Kramer49 (47%) and Bruschke50 (40%) in patients who were recatheterized within 1 year and who did not receive any specific treatment during that time.
Combined colestipol-niacin therapy in patients after aortocoronary bypass surgery resulted in significant reduction in the average number of lesions that progressed per subject and in the percentage of subjects with new lesions.' Average global score, however, remained unchanged in the treatment group, whereas progression was noted in the placebo group. Only compliant and responsive subjects were selected for this study in a prerandomization trial. In another study2 of similar design, lovastatin, niacin, and colestipol were used as lipid-lowering therapy in men with high levels of apolipoprotein B. Contrary to our study and the results of the CLAS study, there was predominant and significant regression of proximal coronary lesions in patients on lovastatin and colestipol (average minimal diameter, +0.012 mm) and in patients on niacin/colestipol (average minimal diameter, +0.035 mm). Predominant progression was noted in the control group (average minimal diameter, -0.05 mm).
In the Lifestyle Heart Trial,9 82% of all patients participating in the intervention group showed predominant regression of coronary atherosclerosis, and changes in lesions were strongly related to the overall adherence to lifestyle changes. Those patients who made the greatest changes showed the greatest improvement. Quite unexpectedly, 42% of the patients in the control group also showed coronary changes in the direction of regression.
In Table 2) . Two of the cardiac arrests were clearly related to physical exercise, but only one occurred during a group training session. Details and circumstances of the unwitnessed cardiac arrest in the third case (patient 40) could not be ascertained and, therefore, are not attributable to exercise. Three patients developed life-threatening arrhythmias during the initial exercise session; they were excluded from further participation and subsequently underwent electrophysiological testing and antiarrhythmic treatment.
Physical exercise has been shown to be relatively safe during supervised training sessions.51 However, wellmotivated patients, in particular, are at great risk to exceed their recommended target heart rates. Otherwise correctable arrhythmias frequently bear grave consequences whenever they occur during unsupervised exercise.5253 Patients at highest risk of cardiac arrest during cardiac rehabilitation are those having marked ischemia on an exercise ECG, an above-average exercise capacity, and a record of poor compliance with exercise intensity guidelines.5455 In all three patients, Holter monitor tapes obtained during previous group training sessions were available and showed heart rates above the recommended individual limit. One of these patients (patient 104) happened to undergo Holter monitoring at the time of cardiac arrest; heart rates exceeding 130% of the recommended target rate were documented immediately before the episode. An identical case was observed by Ornish9 in a patient who also exceeded his training recommendation during unsupervised exercise. No other factor, such as severity of coronary artery disease, left ventricular pump function, or degree of stress-induced myocardial ischemia could be identified as predictive in these patients.
Implications for Clinical Practice
The message contained in the results of this study is threefold: First, the course of coronary artery disease is amenable to dietary reduction of serum lipoproteins and regular physical exercise. Although there was no net regression of atherosclerotic lesions, coronary artery disease progressed at a significantly slower pace as compared with the control group. No clear-cut, linear relation was detected between patient compliance and directional changes of coronary lesions. Improvement of physical work capacity, myocardial oxygen consumption, and reduction of stress-induced myocardial ischemia was observed in nearly all patients participating in the intervention group. As improvement of myocardial perfusion was not limited to patients with regression of coronary lesions, other mechanisms, such as collateral circulation and blood rheology, may be operative in these patients. With respect to psychological changes, two aspects are noteworthy: Patients achieve a greater degree of mental independence from outside control of their physical well-being, and they tend to be less depressive than their counterparts in the control group. Second, intensive physical exercise is associated with an increased risk of cardiac arrest, particular in welltraining recommendations not only during supervised group training sessions but also while exercising on their own. The risk of life-threatening arrhythmias inherently associated with this form of therapy needs to be carefully weighed against the benefit of less progression of coronary disease, improved physical work capacity, and reduced myocardial ischemia. Use of continuous heart rate monitoring by a portable device may contribute to increased security for these patients.51 Frequent counseling about the rules and risks of physical exercise remains an important adjunct to this form of rehabilitation. Third, observations in the control group suggest that present-day clinical practice (i.e., usual care) is largely unsuccessful in modifying certain risk factors or in affecting the unrelenting course of coronary artery disease. It is such current knowledge as this that we believe the medical profession should be challenged to better communicate to their patients.
